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Outline

* Detector elements crucial for B Physics at hadron colliders
- Integrated Tracking Systems
Silicon detectors, Drift chamber, Fiber Tracker
- Lepton Detectors
 Trigger architecture/strategies used for B Physics
- Lepton Triggers
- Hadron Triggers (i.e. triggering on displaced vertices)
* Clean reconstruction of complex topologies
- Precision mass, lifetime measurements
 Particle identification from dE/dx, TOF
- Calibration, performance, use in analysis
* Flavor tagging
« Conclusions



Heavy Flavor Production at Tevatron
o4 arXiv:0903.2403[hep-ex]
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At Tevatron, b production cross section is much larger compared to B factories
— CDF is enjoying a very rich B Physics program

Plethora of states accessible at Tevatron (By, B,, B, Ay, Ep, =y, 24 )
— Complement the B factories physics program

Total inelastic cross section at Tevatron is ~1000 larger than b cross section
— Large backgrounds suppressed by triggers that target specific decays



Muon System
Drift chamber/scintillator
Solenoid . NS = | |nl<1.5 (CMU/CMP,CMX, BMU)

=\ | # of layers: 4/4, 8,4

Electromagnetic Calorimeter
Scintillator/Lead
0.11x0.26 (hxf)

~20 radiation length
Pos detector at shower max

Time-of-Fligh

COT: 96 Layers Silicon 7-8 Layers
4Ax/45t SlLayers




The CDF Tracker
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The DO Detector w

Fiber Tracker: 16 Layers, |n|<2, R ~0.5 m

2T Solenoid Silicon Tracker: 5 Layers, |n|<3

g l“ =0 n=1,
Muon Scintillators | 1

uon Sc. Muon System |n|<2
Fazn Chamher.st £ Drift Tube/scintillator

(m]

.=2| 3 layers of tubes (3-4 planes/layer)
Toroid between Layer 1-2

! ‘\ Cazonmeter” j “ | Electromagnetic Calorimeter
: “ ]__ Toroid I‘ LlQUld Ar'gon/Ur'anium

g A — 0.1x0.1 (hxf), ~20 rad length
i D Y N Py 'L Preshow: scintillating strips
_lqlcll.lillllél L1y Shower max: 3™ layer

Central/Forward Muon Scintillators



CDF B Triggers

Di-Muon (J/v)
Pt(un) > 1.5 GeV

J /¢y modes down to
low Pt(J/y) (~06ev)

Displaced trk +
lepton (e, u)

IP(trk) > 120um
Pt(lepton) > 4 GeV

Semileptonic modes

2-Track Trig.

Pt(trk) > 2 GeV
IP(trk) > 100 pm

Fully hadronic modes

X(3872)— J/ynn
Bs in B > J/y ¢,
5 , &, Observation

A, — J/y A (masses,
lifetimes)

BO, 4 — uu (rare decays)
Bc — J/yn(J/yIX)

High statistics lifetime

Tagging studies, mixing

Secondary
Vertex

Decay Length.";:':

*
Pr'lmar'y‘:"
Vertex ¥ -.,

o, §
0..

L4

B — hh (CP)
B mixing
D% mixing
SH— Ay T

B A, —A 7

DY pr(B) = 5 GeV
:,.-": L.y = 450um



@ CDF Trigger Architecture

Raw data, 7.6 MHz Crossing rate

- ’ Drift chamber tracking
Levet1 5 |Tﬁgge,,| Lepton identification

pipeline: [ Level 1

42 clock [ «7.6 MHz Synchromous Pipeline
cycles 5.5 us Latency

*30 kHz accept rate

. SVX read out after L1

Level 2 Silicon tracking
buffer: .
4 events Secondary vertex selection
Level 2
*Asynchromous 2 Stage Pipeline
*20 us Latency
DAQ *1000 Hz accept rate
buffers
L3 CPU farm

Full event reconstruction
Mass storage ~100Hz) ~ With speed optimized offline code
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XFT working principle

Good hit patterns
identified as segments,
segments linked as tracks

O'(]./p-r) =1.7%/GeV
o(¢g) = 5 mrad
967 efficiency
(pr> 1.5 GeV)

> 1= e
Sur AE
‘O — Numerator is offline tracks with match to XFT track —
Y ¢ Denominator is all offl ks =
S DR
e . . . ]
X1 15 2 2.5 3 3.5 4

of fline transverse momentum (GeV)




Lepton triggers

| | ——— Dr-thion Mess CDF Preliminary: ~360pb’”
— S rre—— ,
e = | = 106 - Jiy: 2.7M Triggers:
extrapolation | : JPsi
U | Rare B
5 | : BBbar
0 | y(2S): 100K Upsion
_______ ] /l"'/j‘:\.'
"""""" 10 1| B 4
segment \Y4 CMP "
\ L= COT |
“ Iﬁﬂ / _ hA 1021 |
XFT track oy 0 2 4 6 8 10 12

Di-Muon Mass(GeV)

Lepton triggers
Match between a muon stub/calorimeter signal with an XFT track



@ Exploit lifetime to select b,c

Proton-antiproton
collision point
Impact parameter (d)

- -

Transverse view ~ 1 mm




SVT: Input & Output

5 SVX coordinates

COT

-

XTRP

l

L1
TRACK

GLOBAL
LEVEL1

Inputs:
L1 tracks from XFT (¢, pT)
digitized pulse heights from SVX II

Outputs:
reconstructed tracks (d, ¢, pT)

impact parameter
(transverse projection)

l

GLOBAL
LEVEL 2




SVT Performance

|trkswith4R-tpSihitsmatchingSVTIayermapl G = 48Mm:3sum@33l‘"m (r'es @ beam)
& osE- c:>Ei 2000 %_Ptz_z GeVic ; x2,r = 25
L.s;*++;+++*++++++ 1 08 f F 7000l o
Q>)~°'7i_ + ++f f; 60002—
:0.6:— = =
004;_ . . . . 4000;—
G F Givena fiducial offline + 3000 F-
4—""t" track with SVX hits in 2000 -
LU:?: 4/4 layers used by SVT 1000F-
o QE»/VIII;\NM
0.00 0.05 0.10 0.15 -500 -250 0 250 500
SVT Impact parameter (cm) SVT Impact parameter (um)
g: ylk
: LN
dl = . _ :
| <d> = ybeamCOS(l)-XbeamSln(b

Online impact parameter measurement
requires online beam position estimate




Hadronic B Trigger (I)

L1 Two XFT tracks: P, > 2 GeV; P,+P,, >5.5 GeV; A¢p < 135°
Two-body decays Multy-body decays
100 um<dy<Imm for both tracks 120 um<dy<Imm for both tracks
Validation of L1 cuts with A¢>20° Validation of L1 cuts with A¢>2°
L2 Lxy > 200 um Lxy > 200 pm
do(B)<140 pum de
B->hh B, mixing
D° invariar:i':mas“: -
Trigger collects tons of DO—K-m+  _
(use as online L3 moni'ro?)\m

200

1.8

1.85



Hadronic B Trigger (II)

* Run I collected O(1) B,— D in 100 pb! (all D, modes)
* Run II collected ~200/100 pb! B,— Dt (Dg--> ¢[—=K*K ] x)
» Compare with only 10x integrated luminosity!

CDF Preliminary
e

2

18 Entries

N

Events per,0.025 GeV/c

—

0.5

Without SVT With SVT
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DO Trigger architecture w

Crossing Frequency _ ‘
@ mm) i e

Data Acquisition rate limited to average 55Hz (up to 150Hz)

3 Level Trigger System

L1 2 L3
m; | kHz - 150 Hz
2.5 MHz (<55> Hz)

B Triggers

Di-Muon Single Muon
Pt1(u) > 3.0 GeV, |n|<2 Pt(uw) > 3 GeV, |nl<15

Pt2(u) > 1.5(3.0) GeV, |n|<2




CDF Run Il Preliminar Lim=2.7 b
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We already have
~5 fb-! on tape

Example Physics Signals

| CDF Il Preliminary(L = 1.1 fb"
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Example Physics Signals w

D@ Run Il Preliminary (Runilb)

Y 8005 (b) - D0, 28157 ) % 4000
% 700 s > ‘w
S | o 3500 a

o s, | _>S b S—HME

-f\
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- 400 T N
; — Total Fi 4 2000
= 300 —— Prompt background 9 1500
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@ Measure masses @sub-Mev level

Mass scale calibration with J/y — uu

CDF Run Il Preliminary

— 3105
S\ B
O -
S~ L
% 3100
S i B e =
— 3095
= 3090 = M***::: ‘ ' [MeV/c’Y[GeV/c]
= 3085} HM with B-field corr. -0.026 + 0.058
B E-loss with layer 0.049+0.043
3080 i default E-loss 0.298 + 0.043
E ° no corrections 0.904+ 0.043
3075 L 1 1 1 1 I 1 1 1 1 I 1
0 5 10

pt of J/y [GeV/c]

M(B*) = 5279.10 + 0.41 + 0.36 MeV

M(BO) = 5279.63 + 0.53 + 0.33 MeV

M(BO,) = 5366.01 + 0.73 + 0.33 MeV
M(A%,) = 5619.7 + 1.2 + 1.2 MeV

Delphi

b= ————

5668. + 16. + 8.
Aleph ———

5614. + 21. + 4.
CDF -

5621.0 + 4.0 + 3.0
CDF Il (this) o

5619.7+1.2+1.2
World ——
average 5624.0 + 9.0

5575 5600 5625 5650 5675
M(A,) [MeV]



Reconstruct most complex
topologies

Reconstruct lots of b species: BY, B**?, B+, B9 B, A, E,, Q,

=, —>J/YE
=

e -
“




Measure =, mass @MeV level
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) Theory

/ prediction
DO ¢ .
PRL99, 052001 (2007) [MJenkins

PRD54,4515
CDF s
PRLS9, 052002 (2007)
| | / |
5.74 5.76 5.78 5.8 5.82 5.84

m(Z;) [GeV/c?]

CDF 14 15-137 <20 >100
DO 20 17-52 <3.0 20

CDF: M(E,) = 5790.9 + 2.6 + 0.8 MeV

DO: M(E,) = 5774 + 11 + 15 MeV



World class b-hadron lifetime
measurements

CDF Il Preliminary, L=1.1 fb’

Candidates per 0.0025 cm
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S/N

Silicon Detectors status
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No significant degradation of offline(trigger) tracking
performace expected if S/N > 3 (6)



PID from dE/dx (Calibration)

Use large sample of D*— D%mr r,— [K ] ¢y (Hadronic Trigger)

Tight mass cuts: 1.84< m(D°) <1.89 GeV, 5.3 < M(D*)-m(D°)-m(x) < 6.5 MeV
Correct dE/dx dependencies on

- tfime (run number)

- track parameters ¢, n, n(hits), luminosity

D° selected mass region after cuts - CDF Run Il preliminai K- separation after calibration - CDF Run Il preliminary

NE 4000 :_ B — dE/dx(K) - <dE/dX>x
? . 0.025—
s = - — dE/dX(x) - <dE/dx>T
& - L
2 3000 0.02- "’1.40’ K/TE
c .
o .
S 2500f : separation
- 0.015
2000 -
1500} 0.011~
1000} i
0.005
500}
= E——— A . | 4 | L - —
?.8 1.82 1.84 1.86 1.88 1.9 1.92 g| 0 -5 0 5 10

m(D°) [GeV/c’] dE/dx - <dE/dx>_



Disentangle BO— h*h~ with dE/dx

CDF Run Il Monte Carlo

300
2sof
2oof
1505
100}

50f

BB Kn
B? — KK
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DA8—>pK
A, — pr
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Invariant mnt mass[GeV/c?]

BO— Kz, BO—m, BO.—KK, BO,—Kxr

overlap in a single peak (~35 MeV/c?)

Single mass assignment () causes
overlap even with perfect resolution

1600

2

1400

1200

1000

800

Candidates per 20 MeV/c

CDF Run Il Preliminary L =1 fb™
- ~6500 events

Blinded region of
unobserved modes
BO.—Kx, BO—nr,

A% —pr/pK

Combinatorial
background

|||l||||l
52 53 54 55 56 57 5.8
Invariant wr-mass [GeV/c?]

- Kinematics (mass and momenta)
- Particle Identification (dE/dx).



Search for Handles (Kin+dE/dx)

CDFII Monte Carlo

& 9.40r = 5.40( — 5.6F
\U i & - § 5.555—
% 5 - 35 : % 5 ) 3 5 : 53- 55— ““'.“"oﬁn. OOOOOOOOOQOOOO
O, O, 2 o=l
»n 5.30" » 5.30 & 545 W
U) = (D : E C b oo - '0 1:IE]
Q] i © - E 54_ OoDDd:' -.....
g 5.25_ IE 5_257 - 5_35;— OZDD 0 .l:.
E E' E 5.3F OED Y ':.
+ 5'207 5.20_ E - m] © KO _)ﬁn+ -
- B T A 2 5250 © B ) .
2 515 8 545l T osab o ) Ag‘”’K .
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*Wo o5 00 05 10— 5190 05 00 05 1.0 Shoesiiiareiiiiieeh
o=(1- p1/p2) xq, a=(1- p1/p2) xq, a=(1-pfp,)xq,
Kinematic variables: 1) M, invariant mx-mass

Prmin (Pmax) IS The 3D track 2) o= (1-Prin/ Pmax)dmin Sighed p-imbalance

momentum with pmintPmax | 3) p, .= p..+p.o Scalar sum of 3-momenta

This offers good discrimination amongst modes and between K*zx-/K-n*



Observe new B°—h*h-decay modes

Candidates per 20 MeV/c?

CDF Run Il Preliminary L =1 b
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CDF Run Il Preliminary L =1 fb!

< 800~ * Data
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L1898 kK S 600- B, KK .
e 3 W ke €Quirements
B e £ 500 B 1 optimized for
B ¢ e B 2 400- e KK A, selection
0 A2 pK+ R - BK 2 [ Bl n*x b
[ ] Combinatorial backg. 8 300._ - ,\; » p THCC
B Trvee body B decays :: ke Clear excess in

20082 111 Bkg Phys A, region
B 100 * B Bkg Comb
1| I | el | 1 l?

.. - -1
liminary le-1 fb

® Data — Total

3 hew rare modes observed

-
.B“—) K’n'+cc.5s—’KK

. B > K n'+cc B

Npaw (B — K1)
Nraw(Ag — pﬂ'_)

Nraw (A — pK ™)

S
230 £ 34 (stat.) £ 16 (syst.) 8
110 + 18 (stat.) £ 16 (syst.) §

156 £ 20 (stat.) & 11 (syst.)

5.5 5.6

Invariant nr-mass [GeV/c?]



Direct CP in BY— h*h~-decay modes

CDF Run Il Preliminary L =145 pb

ACP measurements

Acp(B%—Kmn)=-0.086 + .023 + .009
Acp(B°,—~K=x)=0.39 + 0.15 + 0.08
Acp(A%,—pmn) =0.03 + 0.17 + 0.05
Acp(A°,—pK) =0.37+ 0.17 + 0.03

N -
© 450001

S ece D7
40000(
=
= | D%+ —=K-m+
L. 35000
3_ -
o 30000
o -
T 25000
o
© 20000
1+
O 15000
10000
sooo;

‘|||I|[‘l“‘ ““‘|||||l““l f
02 13 14 15 16 1.7 18 19 2 241

Invariant wr-mass [GeV/C?]

Use large sample of D™ —D%* —K-n+ and A’—pn- to correct for
asymmetric detector effects E(K-n+)/E(K+n-) and E(p-n+)/E(prn-)



DO strategy for charge w

asymmetries
n _ *«CP->4 /‘+
. B <« CP—>»
Asymmetric detector effects "~ B v/ o 4 Y.
reduced by reqular flipping of VA polarity N/
' : e T pa
Dd's B fields. p glT , —
(trk(g>0)=1rk(q<0) if B reversed) *B “B
Iforward 1 forward
backward backward
1+, «=CP—p - =
/f 4/« + <« CP—» /M
World class CP measurements *\\ TV F~ T 2.4
. . . =B/ magnet \ /
in semileptonic B decays 7 polariy Vi
— p- -~ e -
p p p p
xB ©B

Most recent CP measurement in B9, —u'D- X
as = [-1.7 £ 9.1112 , ;] x 103
(arXiv:0904.3907)
All details in Steve Beale's Talk



* Time Of Flight Detector

216 Scintillator bars, 2.8 m long, 4x4 cm?
read out both ends with fine mesh PMT

Measured oo = 100 - 130 ps Sl
(limited by photostatistics)  Radius ~ 1.4 m ol
/
/ Solenoid Coil -/\/—/
cy: TOF ==
Measured gquantities: —~ (.|
s = distance travelled . e Pl
= ti ' 0 5
t = time of ﬂlghT Tr;;sgr g Hadron
p = momentum o Calorimeter
o
Derived guantities: = == I I
v =s/t — \ -
P

m = p/ YV SVX-lI Intermediate Silicon Layers



@ Time Of Flight Detector

CDF Run Il preliminary

500
7] 2)
O_- -~ 5 q1L minbias data S
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Q T sa B -
S 400 - 2> 1t ,
S — E 0.9} 4
(o) 5 T !
2 300 S 1500¢
= 5 0.8}
= 5 @ .
@ i i .
E 07+ K !
200 _ " —1000¢
0.6} |
100 o5l P —5000
0.4+
0 2 | L | ) | 2 1 2 1 L _0
1 2 3 4 5 0 0.5 1 1.5 2 2.5 3
Momentum, GeV/c measured total momentum p (GeV/c)

Measured time resolution: o; ~ 110 ps



Combined PID (TOF+dE/dx)

| CDF Run Il Preliminary K-tt s epara tion

% Extrapolated | Measured .
o 10— ¥ byMC on data v Combined
§ [ o * TOF
E [ e « dE/d
8 | *s X
30, ‘x [ R
L h
o l‘
v
" .ov'vgilllll|ll|l
.. o) "N
10 . . LI
5 - ° .
[ ]
- n ° . . .
_ . C e,
L , 1 ' L l 1 L l L 1 I L ' L 1 l I
1 2 3 B 5

P [GeV/c]

Typical B decay daughter momentum ~GeV



More on tools: Flavour tagging

Opposite Side Same Side
opposite i
side kaon -
x fragmentation
_ i kaon +
K ! K
D meson ~.
b hadron - A
Jet Charge: the sum of P.V. E Bﬂ |
charges of the b-Jet 5 |
tracks correlated to the 5 |
b-flavour ; Ly |
g -
Soft Lepton (e.u): b— i , —
?oc;at;efz:rr(:latedd:z ;gflavgz:'( i| Same Side Kaon: for BY is likely to have close

in AR a K+ from fragmentation (use PID)

Opposite Side K: due to b—c—s
~>search for secondary K (use PID)

Similar ¢éD? for both CDF and DG ~4.5% (~30% at B factories)
(Tevatron Yellow Book -year 2001- expected ¢D? ~11% at CDF)




asymmetry

0.3 -
0.2 ]

0.1 4

0.1 -
85 -

0.3 A

Opposite Side Taggers

OST optimised by measuring B, mixing

CDF Run Il Preliminary

L~355pb’

~ Soft Lepton Taggers

$

e data

— fit projection
B° contribution

-~ B" contribution

B e/uD X

0.05 0.1

0.15 0.2

proper decay-length [cm]

- Use exclusive combination of:

+ 2 SLT (un, e)
- 3 JQT categories

* No OSKT
OST &D? =1.81+0.10 % (CDF)
OST ¢D? =2.48+0.21 % (DO)

SEMILEPTONIC (1 fb-1)
(0.509+0.010+0.016) ps-!




Same Side Taggers

Look for the fragmentation track 3} B,
charge correlated with the B ( I
Rely on MC prediction of SSKT o ar T P
performance for B, mixing
+ Choose the track in a cone of AR < b} B

0.7 around B most likely to be a K *0
* Make use of PID based on dE/dx q}@ K

and TOF information (CDF)
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Conclusions

« CDF/DO Detectors/Triggers are well understood and
show stable performance with time
 Datasets increasing smoothly, as well as physics results
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